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ABSTRACT 
   
Pulmonary surfactant is a very important product in the medical treatment of the syndrome of insufficiency respiratory in 
neonates. The synthesis of this surfactant in labs need to optimize the rate of spreading in the alveolar interstitial liquid 
obtaining a monolayer of the phospholipids membrane base capable to maintains several of the dynamical properties of 
the respiratory system during breathing. The recover of theses mechanical properties has to be archived using the 
minimal quantities of product and with the optimal proteins composition (SP-B in special). In this paper we show our 
results of obtaining and process speckle pattern images of the spreading of phospholipids membrane composed the 
matrix of this product (DPPC) when physiologic interstitial liquid are presented.    
 
Keywords: Pulmonary surfactant, insufficiency respiratory syndrome, speckle pattern, DPPC structure, surfactant rate of 
spreading, interfacial film. 
 
1. INTRODUCTION 
The mammalian lungs are coated with a thin lining liquid layer composed of water, organic fluids and surfactant. During 
normal breathing the surface properties of this lining liquid change dynamically due the surfactant properties. In diseased 
lungs, the recoil properties are affected generating airway collapse, lung abnormal sounds1,2 and pressure instabilities3.  
Neonates may bear with very low concentration of lung surfactant and is common to have the syndrome of insufficiency 
respiratory. Thus, treatments involving the medication of pulmonary surfactant are important in pediatric intensive care 
units (ICU). Dipalmitoylphosphatidylcholine (DPPC) is the major surfactant phospholipid, and is also the principal 
tensoactive compound (agent responsible for attaining very low surface tension) in the lung surfactant4. 
 
One  of  the  most  important  properties  of  surfactants  is  his  spreading  capacity. Spreading coefficient S in given by 
 
S = σ sg - σ sl - σ lg 
 
where σ is the respective interfacial tension existing between the solid–gas (σ sg), solid–liquid (σ sl) and liquid–gas (σ lg) 
phases5.  
 
In particular if the surfactant will be spreader over a liquid surface forming a monolayer molecular film the spreading 
coefficient is reduced to the relation of the interfacial tension existing between surfactant-air, liquid-air and surfactant - 
liquid, the visualization of this process is fundamental in order to optimize the formulation of some medicaments or 
cosmetic products. 
 
The synthesis of this surfactant in labs need to optimize the rate of spreading in the alveolar interstitial liquid. Thus, 
obtaining a monolayer of the phospholipids membrane base capable to maintains several of the dynamical properties of 
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the respiratory system during breathing. The recover of theses mechanical properties has to be archived using the 
minimal quantities of product and with the optimal proteins composition.  
 
The observation of the spreading of surfactant directly using optical techniques give us the possibility to take the control 
in the spreading process but the little thin of the surfactant film make difficult the contrast in the border, in consequence 
a dynamical speckle technique is used in order to obtain more contrasted images that processed digitally after permit to 
obtain a more visualization of the spreading process. The speckle techniques have been used for the study of surfaces and 
colloids for several decades at nowadays6,7. 
 
In this paper some results of obtaining and process images of speckle pattern of the spreading of phospholipids 
membrane composed the matrix of this product (DPPC) in a simulated interstitial liquid are presented. 
 
2. METHODOLOGY 
2.1. Experimental design: 
We use of a speckle pattern technique8 to dynamic observe the very thin lining spreading of the surfactant film. The 
speckle technique use the fact that when a laser light is reflected or transmitted in a non-homogeneous surface a spatial 
and granular pattern of interference is formed, this is know as speckle pattern9.  
 
In the Figure 1 we show the experimental setup used to carry out the optical study of the spreading of a phospholipid 
surfactant membrane on a saline solution.  
 
Fig 1. Experimental setup scheme 
 
An He-Ne laser class III b laser product U.S. Pat 4.311.969 CARLSRAD California 92008 (632 nm wavelenght and 15 
mW max. output) was used. The laser light was pointed to an expander lens and the expanded sheaf is oriented to the 
mirror forming 450 with the horizontal line and after pass vertically across a polarizer plate and impacts over an 
unpolished glass plate used to form a speckle pattern that impact the sample mounted over the stage of an optical 
microscope (OPTICOM, XSZ-107T) with magnification 64 X. The images was captured using a CCD camera with 
resolution 1027 x 850 pixel and capture rate of 30 frames per second connected to the computer. All the components 
were mounted on a rigid support using optical bench, nut pincers, bars supports and similar components (see Fig. 2).  
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Fig. 2 Experimental setup 
 
In order to process digitally the obtained images few algorithms was specifically developed according to the aims of the 
investigation based on the computer platform MATLAB 7.9 (R2009b) (MatWork Inc. USA) and Image J. 
 
2.2. Capture and process of images method. 
 Like the phospholipid monolayer membrane was used the matrix of the lung surfactant dipalmitoylphosphatidylcholine 
(DPPC) obtained by chemical separation process diluted on chloroform and was spreader over a saline watery solution at 
(293 ± 2) K of temperature simulating the interstitial liquid in the alveoli surface. 
The process of spreading was filmed and captured with the CCD camera focused over the surface of the saline watery 
solution deposited on a Petri capsule and the movement of the DPPC interface is visualized. All videos captured have 
600 frames (20 s).  
 
Before the capture of the spreading process an image of the reference speckle pattern obtained in the saline solution at 
rest was captured in each case.  
  
After the capture process each video was segmented in all its frames and the reference speckle pattern obtained in the 
saline solution at rest was subtracted of each frame. 
 
By means of the program created all the frames were transformed from the format to color RGB to the format in black 
and white. 
 
To study the behavior of the surfactant membrane and to take information about the spreading rate, it is determined to 
look for algorithms and describers that allow valuing the displacement of the frontier and the thickness of the surfactant 
monolayer membrane. 
     
The algorithms to apply and to be developed base on the tools of the analysis of the space behavior and storm of the 
dynamic speckles, as well as tools for the morphological study and of the segmentation of images10. 
 
Finally each frame was processed digitally using algorithms of image process specifically applied to dynamical speckle 
patterns like LASTCA10 in order to increase the contrast of image in the frontier of the surfactant and the liquid substrate. 
 
3. EXPERIMENTAL DATA 
For different conditions and compositions of selected surfactant (DPPC) pure or diluted were obtained different videos of 
the temporary behavior of the spreading of the monolayer film on the substrate.  Some of these images are presented in 
Fig. 3 to 8. 
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Fig.3 Well defined surfactant frontier. See the low contrast of speckle pattern processed by LASTCA 
 
                           
Fig.4 Difuse surfactant frontier. See the high contrast of speckle pattern processed by LASTCA in the limit 
where the spreading process is acurred. 
 
                            
Fig.5 Frontier of the limit of a thin film of surfactant. See the high contrast of speckle pattern processed by 
LASTCA in the borders in correspondence with the dynamics of the spreading in these. 
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Fig.6 Diffuse frontier in the limit of a thin film of surfactant. See the high contrast of speckle pattern 
processed by LASTCA in the secction where the surfactant is  spreading. 
 
                         
Fig.7 The pass of a very thin film of surfactant is imperceptible in the speckle image. The high contrast 
of speckle pattern processed by LASTCA reveal the pass of the surfactant circular portion. 
 
 
 
Fig.8 Dynamical sequence of the pass of a very little portion of surfactant driving on the substrate. The high 
contrast of speckle pattern processed by LASTCA reveal clearly his movement. 
 
 
4. RESULTS AND DISCUSSION. 
The results of the images processed digitally reveal the possibilities to use speckle methods to study the dynamics of the 
spreading of surfactant on the liquid surface. 
  
The contrast degree is associated to such code of colors that the blue corresponds to the lower contrasts and the red one 
to the biggest contrast according to the gradation of colors of the visible spectrum.  
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For example, in Fig. 3 the image of the border of surfactant is very clear and the low contrast as much inside as outside 
of the frontier indicates that there is not spreading, on the other hand in the image of the diffused border in Fig. 4 the 
processed image reveal high contrast in the frontier corresponding to the spreading process that is occurred. 
 
In Figure 5 the border of the monolayer of DPPC is transparent in contrast with the dark zone in which the surfactant is 
agglomerated. The higher activity in the more dark border reveal that in this part the spreading of surfactant is more than 
in the other parts of the frontier. 
 
In some case the image processed permit to see aspects of the dynamics of spreading of surfactant that in the real image 
are invisible or diffuse see Fig. 6 and Fig. 7. In the last of these a circular conglomerated portion of DPPC is driving 
across the frame and in the real image it is not visible.  
    
Finally reconstructing the video of the process with the processed frames is possible to obtain a clearer image of the 
spreading process (see Fig. 8).   
 
 
5. CONCLUSIONS. 
Some results of obtaining and process images of speckle pattern of the spreading of phospholipids membrane composed 
the matrix of this product (DPPC) in a simulated interstitial liquid of the lung alveoli was presented. 
 
The possibility to apply the speckle pattern techniques and another digital image processed techniques to study the 
dynamics of spreading of surfactant was demonstrated. 
 
The technique allows visualizing stages and characteristics of the spreading process that using the traditional optic 
methods with non-coherent light are not visible. 
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